Introduction {#sec1-1}
============

Pseudoaneurysms are uncommon and account for 1% of all intracranial aneurysms\[[@ref1]\] and 0.5--6.5% of internal carotid artery (ICA) aneurysms.\[[@ref2][@ref3][@ref4]\] They may result from blunt or penetrating trauma to the head, and in may cases from surgical injury.

This type of aneurysm poses a challenge to traditional surgical and endovascular treatment because of its morphology and small size. Furthermore, the natural history of these lesions is unclear. Although spontaneous closure has been reported in the literature, pseudoaneurysms are usually associated with a high risk of bleeding, relapse, and perioperative complications.\[[@ref1][@ref5][@ref6]\] No consensus has been made on their management so far.

Case Report {#sec1-2}
===========

The patient is a 55-year-old male who presented with diplopia and bitemporal hemianopsia. He was later found to harbor a pituitary macroadenoma \[[Figure 1](#F1){ref-type="fig"}\]. The patient underwent endoscopic endonasal transsphenoidal surgery for tumor resection. At the completion of the resection, brisk bleeding was encountered after removal of the ring curet from the intradural space. The bleeding was packed with thrombin-soaked cottonoids and Floseal until complete hemostasis was achieved. The patient remained hemodynamically stable throughout the procedure despite the loss of over 1 L of blood volume. A vascular injury was suspected, and the patient was then transported while remaining intubated, to the computerized tomography (CT) scanner where a noncontrast head-CT was performed. An immediate angiogram was also obtained. The angiogram demonstrated a pouch just below the takeoff of the anterior choroidal artery consistent with an iatrogenic pseudoaneurysm \[[Figure 2](#F2){ref-type="fig"}\]. The decision was made to wait 2 days for the pouch to mature before proceeding with coiling. On postoperative day 3, a second angiogram was performed showing complete resolution of the pouch \[[Figure 3](#F3){ref-type="fig"}\]. Because of the suspicious course of the pseudoaneurysm, a repeat angiogram was performed 1-week later, and to our surprise, demonstrated a 1.3 mm × 1.5 mm pseudoaneurysm in the left ICA \[[Figure 4](#F4){ref-type="fig"}\]. The pseudoaneurysm was therefore back and enlarged. The decision was made to treat the aneurysm with placement of a pipeline embolization device (PED). Treatment with PED was successful \[[Figure 5](#F5){ref-type="fig"}\] and the patient remained neurologically stable after the procedure.

![Preoperative magnetic resonance imaging showing a pituitary macroadenoma](AJNS-10-327-g001){#F1}

![Perioperative angiogram showing a small pouch suggestive of pseudoaneurysm, just below the level of the takeoff of the left anterior choroidal artery](AJNS-10-327-g002){#F2}

![Second postoperative day angiogram showing a complete resolution of the pouch and disappearance of the pseudoaneurysm](AJNS-10-327-g003){#F3}

![Angiogram, 1-week after the surgery before pipeline embolization device placement, shows a 1.5 mm × 1.3 mm left internal carotid artery pseudoaneurysm](AJNS-10-327-g004){#F4}

![Angiogram after pipeline embolization device placement shows no evidence of stenosis, proximal, distal, or within the device, and there is no evidence of embolus or occlusion at any of the intracranial vessels](AJNS-10-327-g005){#F5}

Discussion {#sec1-3}
==========

The small size of pseudoaneurysms along with their particular morphology makes them difficult to diagnose on computerized tomography angiograpy (CTA) and even on digital subtraction angiography (DSA).\[[@ref7][@ref8]\] In a recent study, 50% (6/12) of pseudoaneurysms that presented with rupture were missed on CTA and 25% (3/12) were missed even on the first DSA.\[[@ref8]\] Once they are formed, they might rapidly expand in volume, progress to saccular shape, and end up having a high rebleeding risk.\[[@ref8][@ref9]\] The present case report serves to demonstrate that the progression of iatrogenic pseudoaneurysms might be misleading. In fact, the pseudoaneurysm disappeared on the second angiogram but was found to have increased in size in 1-week later. This unusual and misleading course of a cerebral pseudoaneurysm has not been adequately reported in the literature. Neurointerventionists should be aware of this unusual course and obtain adequate follow-up when conservative treatment is considered or when the lesion seems to have spontaneously regressed. We believe that this phenomenon is due to the inherent properties of the pseudoaneurysm (which tent to enlarge or shrink spontaneously) as well as to vasospasm. However, one must be careful not to generalize the evolution of this type of pseudoaneurysm (iatrogenic), which may be different that traumatic pseudoaneurysms that forms at the skull base and blood-borne blister-like aneurysm that arose from hemorrhagic dissection. It may be that different types of morphologically similar pseudoaneurysms have different evolution based on their underlying pathophysiology. Although traumatic and blood-borne blister-like aneurysms have been somewhat extensively evaluated, we present an unusual evolution of a pseudoaneurysm that might be due to its inherent properties.

The treatment of pseudoaneurysms can be threatening and hazardous, mainly due to the friability of the vessel wall that increases the risk of intraoperative rupture, and the absent or deformed neck that renders surgical clipping difficult.\[[@ref2][@ref10][@ref11]\] The small size of the aneurysm further complicates the intervention. Both open surgery and endovascular therapy have been utilized in the management of traumatic pseudoaneurysms. Surgical options include surgical trapping with or without the bypass, surgical wrapping, and parallel clipping.\[[@ref8][@ref11]\] Clipping is usually offered as a first-line option when surgical treatment is considered.\[[@ref8]\] Surgery is typically indicated when the lesions are difficult to catheterize, or when endovascular therapy have failed to secure the lesion.\[[@ref8][@ref10][@ref11]\]

With the advent of endovascular therapy, some of these pseudoaneurysms have become amenable to treatment without sacrificing the parent artery. Endovascular techniques include coiling, stent-assisted coiling, telescoping stents, and flow-diversion.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] Lim *et al.* used a stent-in-stent assisted coil embolization of a traumatic ICA pseudoaneurysm.\[[@ref14]\] Liquid embolic agents have also been successfully used.\[[@ref15]\] Of the previously mentioned endovascular techniques, flow-diversion has been recently gaining grounds. Flow-diversion has been used for various types of aneurysms, including: Large and giant, wide-necked, pseudoaneurysms and saccular aneurysms.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] It is has been also used for aneurysms of different locations, such as anterior and posterior circulation aneurysms.\[[@ref16][@ref21][@ref22][@ref23][@ref24]\] In a systemic review, endovascular treatment of pseudoaneuryms displayed a relatively low morbidity and mortality rate of 3.4% and 11.5% respectively.\[[@ref8]\] While coiling had the highest combined morbimortality, flow-diversion had the lowest.\[[@ref8]\] Flow-diversion offers the advantage of the exosaccular treatment, thus avoiding the risk of rupture that exists with other endovascular modalities that require intrasaccular catheterization. However, one limitation of flow-diversion might be delayed aneurysm obliteration. Finally with flow-diversion, the risk of hemorrhage has to be weighed against the risk of thromboembolism. Since complete hemostasis was achieved in our case and the patient did not display any sign of bleeding, antiplatelet therapy with aspirin and clopidogrel could be instituted.

Conclusion {#sec1-4}
==========

The present case report demonstrates that the natural history of cerebral iatrogenic pseudoaneurysms may be unpredictable and misleading. Traumatic pseudoaneurysms should, therefore, be carefully followed when conservative treatment is elected or when the lesion seems to have spontaneously regressed. While many treatment options are available, flow-diversion use has been recently gained traction.
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